INTRODUCTION {#sec1-1}
============

The goal of any root-end filling material has been firmly established in scientific literature. It should create a seal, thus avoiding bacterial infiltration and diffusion of bacterial toxins from the root canal system to periradicular tissues.\[[@ref1]\] Amongst other desirable properties it should also be dimensionally stable, nonabsorbable, not affected by the presence of moisture, and insoluble.\[[@ref2][@ref3]\] Lack of solubility has been mentioned as one of the ideal characteristics of root-end filling material.\[[@ref4]\] ISO 6876 standard places the acceptable limit of weight loss for solubility test at 3%.\[[@ref5]\] A myriad of dental materials have been extensively investigated for solubility if used as a root-end filling material. Studies done by Poggio *et al*.,\[[@ref6]\] Torabinejad *et al*.,\[[@ref7]\] and Danesh *et al*.,\[[@ref8]\] have established low or no solubility of mineral trioxide aggregate (MTA).

Torabinejad *et al*.,\[[@ref7]\] observed slight solubility of intermediate restorative material (IRM) in their investigation and were of the opinion that it was clinically insignificant. Pieper *et al*.,\[[@ref9]\] have reported high values of solubility, whereas Poggio *et al*.,\[[@ref6]\] have observed low solubility of IRM in water upto 2 months and have termed the cement as virtually insoluble. Glass-ionomer cements (GIC) have still been retained as viable alternatives to MTA because of their ability to bond with dentin, biocompatibility, antimicrobial activity, and favorable cost-benefit analysis.\[[@ref10]\] Pieper *et al*.,\[[@ref9]\] have reported very low solubility values of GIC as compared to IRM.

Amongst the available root-end filling materials, MTA has gained popularity as it has not only shown low solubility but also a superior sealing ability than IRM,\[[@ref11]\] with a favorable periapical tissue response than IRM.\[[@ref12]\] However, MTA has exhibited specific disadvantages of long setting time and difficult handling characteristics. The long setting time may favor solubility and/or disintegration or displacement from the retrograde cavity.\[[@ref13]\] Lately, Biodentine (Septodont, France); another material based on the calcium-silicate formulation has been introduced which is intended as an alternative to MTA with specific advantages such as a short setting time, high mechanical strength, and superior handling characteristics. Its applications are the usual indications of this class of calcium-silicate cements such as MTA viz. endodontic repair of perforations and resorptions, apexification, root-end fillings, and vital pulp therapy.

Although initial scientific reports have demonstrated favorable results, the use of Biodentine as a root-end filling material remains uninvestigated. No studies have reported solubility of Biodentine over a period of 60 days. The aim of the present study, therefore, was to compare solubility of a new calcium silicate-based cement with three commonly used root-end filling materials viz. GIC, IRM, and MTA over 1, 3, 10, 30, and 60 days. The null hypothesis was that none of the materials tested were soluble.

MATERIALS AND METHODS {#sec1-2}
=====================

Solubility was determined in accordance with the International Standards Organization (ISO) 6876 method and with the American Dental Association (ADA) specification \# 30.\[[@ref5][@ref14]\] The methods used in the current investigation. Twenty specially fabricated stainless steel ring molds with an internal diameter of 20 ± 0.1 mm and a height of 1.5 ± 0.1 mm were used for sample preparation. All the molds were cleaned with acetone in an ultrasound bath for 15 min. They were then left to dry for 30 min. The ring molds were filled with test materials/cements corresponding to four groups (*n* = 5) viz. GC Fuji IX (GC, Tokyo, Japan), IRM (Caulk, Dentsply, Milford, DE), Pro Root MTA (Maillefer, Dentsply, Switzerland), and Biodentine (Septodont, France). The restorative materials were mixed by the same operator in accordance with manufacturers' instructions. The ring molds were placed on a glass slab and filled to excess with the mixed materials. Another glass plate covered with a Mylar strip was lightly placed on top of the molds to remove any excess material. Samples were left to set in a humidor and placed inside an incubator cabinet maintained at 37°C. At the end of 24 h, samples were removed from the cabinet and exposed to air for 15 min. Each sample was then weighed three times to record the average reading. This weight was noted as initial dry weight (IDW) of the specimens. A GP 600 *P* Sartorius balance (accuracy, 0.0001 g) was used for all measurements.

Individual weight of 20 dried and labeled amber colored glass bottles was recorded as dry bottle weight (DBW). Samples were then transferred to these individual bottles containing 5 ml of distilled water. The bottles were stored in an incubator maintained at 37°C for a period of 24 h. After removal of bottles from the incubator, each sample was rinsed with 15 ml of distilled water with the help of a syringe. During the rinsing process the samples were not removed from the bottles. Excess water remaining in the bottles was evaporated in an oven by maintaining a temperature slightly below boiling point. The bottles were then dried in the oven at 105°C and cooled down in the same desiccators. Each bottle was then individually weighed and recorded as final dry weight (FDW). Solubility of each sample was calculated by the following formula and was expressed as a percentage value of IDW.\[[@ref6]\]

Solubility = FDW −DBW × 100

After recording the FDW at 24 h period, distilled water was added to the bottles and they were transferred to the incubator until they were evaluated at intervals of 3, 10, 30, and 60 days by using the same method. The data was subjected to the statistical analysis using Statistical Package for Social Sciences (SPSS) software, v.11.0 (SPSS Inc, Chicago, IL) and subjected to one-way analysis of variance (ANOVA) test with the statistical difference set at *P* \< 0.05.

RESULTS {#sec1-3}
=======

The results of solubility test \[[Figure 1](#F1){ref-type="fig"}\] with statistical comparison of mean and standard deviation between the groups at different time intervals are listed in \[Tables [1](#T1){ref-type="table"}-[5](#T5){ref-type="table"}\]. Statistical difference was noted between the solubility values of Biodentine samples amongst each of the five time intervals. Solubility of Biodentine in comparison with all other cements upto 10-day exposure times showed no statistical difference. Biodentine showed acceptable solubility values at exposure times of 24 h, 3 days, and 10 days. Thereafter it demonstrated a marked increase in solubility; 1.07 (day 10 versus day 30) and 2.89 (day 30 versus day 60). At exposure times of upto 30 days (1, 3, 10, and 30 days), IRM showed least solubility values amongst all test cements. GIC showed significantly higher solubility than MTA for 10 day immersion period. Solubility values of GIC at all other exposure times were statistically nonsignificant in comparison to other cements.

![Graph depicting mean solubility of the root-end filling materials at various exposure periods. GIC = Glass-ionomer cement, IRM = Intermediate restorative material](JCD-18-149-g001){#F1}

###### 

Comparison of mean and standard deviations of the solubility for different test cements at 24 h period
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###### 

Comparison of mean and standard deviations of the solubility for different test cements at 3 day period

![](JCD-18-149-g003)

###### 

Comparison of mean and standard deviations of the solubility for different test cements at 10 day period
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###### 

Comparison of mean and standard deviations of the solubility for different test cements at 30 day period
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###### 

Comparison of mean and standard deviations of the solubility for different test cements at 60 day period
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DISCUSSION {#sec1-4}
==========

Root-end filling materials are usually in contact with periradicular tissue fluid until they are eventually covered by fibrous connective tissue or cementoid.\[[@ref7]\] However, it is important to determine solubility of test groups for longer periods, as some materials might be stable immediately after setting, but suffer disintegration with time and longer time span indicates more certainty of results.\[[@ref15]\] Longer immersion period was used according to studies of Fridland and Rosado,\[[@ref16]\] allowing observation of solubility behavior for longer period of time.

Solubility was tested for upto 60 days in the present study as the periapical tissue goes through a dynamic healing phase immediately following periapical surgery. An osseous excisional wound healing study in monkeys at postsurgical interval of 28 days demonstrated continual replacement of woven bone by maturing new trabecular bone.\[[@ref17]\] A study by Cardaropoli G *et al*.,\[[@ref18]\] in dogs showed that events such as formation of coagulum, inflammatory cell migration, and granulation tissue formation occurred over the first 7 days; provisional connective tissue formation and woven bone formation occurred at 14 and 30 days, respectively; and modeling and remodeling of this woven bone into lamellar bone was seen at 60 day interval. It can be theorized that leaching of components from the root-canal filling during this period may have biologic effects on the surrounding tissues,\[[@ref19][@ref20]\] especially during the immediate postsurgical healing phase. Moreover, solubility may be a cause of disintegration or degradation of the root-end filling material, thereby leaving spaces that may provide gaps for bacterial colonization and their passage in periapical tissues.\[[@ref21]\]

Principal components of the Biodentine powder are tricalcium silicate, calcium carbonate and zirconium oxide for radiopacity. The liquid consists of calcium chloride as the setting accelerator and water reducing agent.\[[@ref22][@ref23]\] According to the manufacturers' claims, Biodentine differs from other cements in its class by higher purity of calcium silicate and absence of any aluminate in the final product, which results in superior mechanical properties.

The mixing procedure and pressure used for compaction and environment humidity is not easy to control and reproduce. Some of these factors are addressed in Biodentine due to pre-proportioned capsules, single dose containers, and automatic mixing. However, some degree of porosity is characteristic of dental cements prepared by mixing the powder and liquid due to incorporation of microscopic air bubbles during the mixing operation.\[[@ref24]\] Porosities resulting from this may hold moisture, thus resulting in solubilization of the components.\[[@ref25]\]

Addition of calcium chloride (CaCl~2~) to calcium silicate-based cements is used for reducing the setting time. A study by Bortoluzzi *et al*.,\[[@ref25]\] has proven that addition of 10% CaCl~2~ reduces the setting time and solubility of white MTA without promoting its disintegration. The investigators attributed this reduced solubility to penetration of CaCl~2~ in the pores of the cement leading to accelerated hydration, and thus a faster crystallization of the cement. Considering the similarities between ProRoot MTA and Biodentine, one would expect similar results from Biodentine.

However, the results of our study were not in accordance with Bortoluzzi *et al*.,\[[@ref25]\] Although statistically insignificant, Biodentine and MTA showed comparable solubility values for evaluation periods of upto 10 days. Significantly higher solubility of Biodentine as compared to MTA was observed for 30 and 60 day immersion periods. It can be theorized that for a material releasing calcium ions to exert a biologic effect, it must, to some extent solubilize and dissociate from fully hardened cement, thus resulting in disintegration.\[[@ref3]\] In fact, a study done by Han *et al*,\[[@ref22]\] to compare Ca and Si uptake by elemental mapping and line-scan analysis of root canal dentin adjacent to ProRoot and Biodentine in the presence of phosphate-buffered saline revealed; wider Ca and Si-rich dentin areas and larger incorporation depths with Biodentine samples than MTA. They attributed their findings to higher amounts of Ca and Si dissolution in Biodentine than in MTA. The greater solubility of Biodentine in our study could be explained due to possibly higher dissolution of ions than MTA.

It is interesting to know that Biodentine shows biomimetic remineralization and causes deposition of calcium phosphate on the surface. This suggests a high rate of calcium release with fast formation of apatite and makes Biodentine a scaffold for clinical healing.\[[@ref26]\] Attik *et al*.,\[[@ref27]\] in an *in vitro* biocompatibility study on osteoblast-like cells have shown that cell attachment and cell proliferation on Biodentine is comparable to MTA. Additionally Kim *et al*.,\[[@ref28]\] have shown that Biodentine causes deposition of amorphous calcium phosphate interfacial layer with radicular dentin and that the Ca/*P* ratio of this layer is comparable to MTA.

As for IRM, our results are in agreement with the studies of Poggio *et al*.,\[[@ref6]\] IRM showed least solubility amongst all filling materials upto 30 days. IRM showed significantly higher solubility at 60 day period compared to 24 h period. These results could be attributed to previously reported findings by Pieper *et al*.,\[[@ref9]\] who have shown higher solubility that this cement undergoes when in prolonged contact with moisture. This process has been explained by Wilson and Batchelor,\[[@ref29]\] as eugenol loss of cement matrix by aqueous leaching resulting in microstructural degradation.

Although the methodology for ascertaining solubility closely mimics clinical situation, yet the results can only be partly transferred to a clinical situation. Only a part of the cements are exposed to the periapical fluids as against the study conditions where the surface area exposed to the aqueous environment is much greater.\[[@ref6]\] All the materials were tested for solubility after they completely set; therefore, these test conditions differ from any clinical situation where the materials are used before their initial setting. As pointed out by Kaplan *et al*.,\[[@ref15]\] sealers when used in endodontic therapy come in contact with periapical fluids immediately; however, they are not completely immersed in it. A similar clinical scenario can be correlated to the use of root-end filling materials.

CONCLUSION {#sec1-5}
==========

When compared to MTA, though Biodentine solubility values were higher this solubility occurs only at the surface which is exposed to the solution and causes negligible dimensional change. With recent reports consistently suggesting bioimmetic remineralization and deposition of interfacial layer with the root dentin, solubility of Biodentine may be working in favor of the material than against it. Future studies of Biodentine should aim at analyzing the association between solubility with remineralization and stimulation of cells to better understand whether solubility is one of the contributing factors towards clinical healing. In effect the null hypothesis was rejected and it was concluded that Biodentine exhibited higher solubility in comparison with other test cements.
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